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ABSTRACT

Maintenance and enhancement of application software consume a major

portion of the total life cycle cost of a system. Estimates of the

total systems and programming resources consumed range as high as

75—80% in each category . However , the area has been given little

attention in the literature. To analyze the problems in this area

a questionnaire was developed and pretested . It was then submitted

to 120 organizations. Respondents totaled 69. Responses were analyzed

using the SPSS statistical package. The results of the analysis indicate

that 1) user demands for enhancements and extensions constitute the major

perceived problem area; 2) problems of a management nature are viewed

in general as more significant than technical problems; 3) the use of

technical productivity aids remains limited; however , maintenance

programmer productivity is not considered by management to be a major

problem.
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1. Introduction

The maintenance and enhancement of operational application software systems

is frequently viewed as a phase of lesser importance than the design and

development phases of the system life cycle. Maintenance and enhancement

are generally defined as activities which keep systems operational and

et user needs (see for example Riggs (163) . Types of maintenance and

enhancement activities have been developed in Swanson (183. This work

will be referred to later in more detail.

There have been a nuther of estimates of the amount of effort that goes

into maintenance and enhancement. Riggs (16] cites a range of 40-60% of

total systems and programming resources. Similar figures have been given

in [3], (5], (7] , [19]. An estimate as high as 75% of resources has been

cited in [15]. A more conservative estimate of 40% has been given in

[8) , (9], and by Boehm (2]. Some of the specific problems in maintenance

• 
. and enhancement have been the effect of hardware changes (Boehm (2] )  and

errors introduced with modifications (Kosy [10)).

Studies involving specific software systems include Stearns (17] and the

excellent analysis of OS/MVT by Belady and Lehman U] .  Some

interesting ideas on maintenance have been stated by Brooks ([4]).

Other sources which take a management and implementation point of

view include (6],, (12], and (131.

The purpose of this paper is to present some of the analysis results of

a survey of organizations involved in maintenance and enhancement.

Section 2 presents the data collection process employed and a profile

of respondents . The statistical results appear in section 3.

Conclusions are given in section 4.
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2. Data Collection

This section summarizes the data collection process as well as the

• general profile of respondents. The questionnaire appears in [11) .

The process of data collection began with the construction of an initial

questionnaire and a field test of five organizations. Refinements were

made and the form used for the survey finalized . Some 120 organizations

• were contacted by telephone to identify the proper recipient of the ques-

tionnaire and their willingness to participate. Questionnaires were

then mailed out with return envelopes and postage supplied. Follow-up

calls were made if no response was received within two weeks. The total

nu*rber of responses was 69. This is a substantial percentage considering

the length and the depth of the questionnaire.

The questionnaire is composed of two parts. Part I deals with the

systems and programming department and contains 12 questions in the

• following areas ;

- industry category

- annual budget for software and hardware

- nu~~er of personnel in department (systems analysts and

programmers as well as a9gregate)

— division of tasks among staff in maintenance and new

application work , and in analysis and programming

• 
- management structure

— current precentage of effort in maintenance
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3

~ relative importance of maintenance compared to development

- reallocation of effort between maintenance and development,

given hypothetical budget increases and decreases

— svaluation of adequacy of current levels of staffing

The second part of the questionnaire deals with the application software

undergoing maintenance and enhancement. Respondents were asked to select

a system which has been operational for at least one year , represents

a significant investment of time and effort, and is of fundamental

importance to the organization. For this system they answered 38

• questions on the following topics :

— name of system, function, and end users

— nuther of personnel in user groups*

- nuther of personnel in user groups actively involved in the

• system processing cycle*

- date system became operational

— nurber of programs maintained and nuuber of source Language

statements broken down by language*

• — distribution of source statements according to origination

year*

— percentage of system dealing with on—line processing’

- total nuither of machine language statements*

— hardware/software environment of system

— use of distributed processing and/or data base managements

systems

- nuirber of files, average size of data base* percentage of

data base updated by t ime period*

~~~~~~~~~~~~~~ - -_
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- n~~~er and form of predefined user r.ports*

• 
•

• 

- productivity tools used in development

— time spent on zaaintenance*

— division of effort among types of maintenance activitiei*

— percentage of maintenance effort on on—line programs and in

communication with user*
• 

- nuther of people involved in maintenance of the system, the

- levels of their programming experience , when they began to work

on the system, and task allocation in terms of analysis

• ;• 
• and programming

— formal procedures for maintenance request handling , nuirber
• • of requests received

• 
• — formal procedures for making changes to programs , and nuither

of changes made

- formal procedures for trouble reporting

- existence of auditing , documentation, cost accounting

• procedures and chargeback methods

— problem areas in maintenance of the system

In the above list , for the items marked with an asterisk (*) the

respondents also answered the question : wtheck the applicable

statement: the above answer is: 
— 

reasonably accurate, _based on

good data; _a rough estimate , based on minimal data, or _an

estimate , not based on any data. ”
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• 3. Analysis Results 
.

• This section i. organized into the following categories: profile

of respondents, tools and techniques employed, evaluation of maintenance ,

• and interelationship of variable.

• Profile of Respondents

Each respondent was asked to indicate the industry segment of their

organization. A classification of the responded indicated

manufacturing - 27 (39.1%) and nonmanufacturing - 42 (59.4%).

Several questions were asked of their data processing equipment and

annual cost. The response on equipment was similar to the division

of the market and was 1514 (73.9%) , Burroughs (8.7%) , Honeywell (5.8%) ,

NCR (4.3%), Univac (4.3%) , and others (2 .8%) .

The distribution of annual budget for hardware is given

in Table I.

TABLE I: BUDGET DISTRIBUTION FOR EQUIPMENT

Budget ($l,000’s) Percentage

Under 250 14.5%

250 — 500 3.5.9

500 — 1000 14.5

-
~~~~ 

• • 1000 — 2000 11.5

Over 2000 40.6

______ ________ - 
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Several questions were asked on how development and maintenance effàrt

would be redistributed if the systems and prograu—4 ng staff were

increased or reduced by certain percentages. The results are

si~~~arized below (Table II) and indicate that most additional

resources would go to new development . Also as expected , most

budget reductions would occur in new development.

TABLE II. EFFECT OF BUDGET DIFFERENCE

Budget Change Distribution of Change

• Maintenance and
New Development Enhancement Other
Mean Std. Dev. Mean Std. Dev.

10% Increase 6.6% 3.4% 3.1% 3.3% .3%
25% Increase 15.6 6.7 8.3 6.2 1.1
10% Decrease 7.3 3.3 2.4 • 3.3 .3
25% Decrease 17.1 6.6 6.8 6.5 1.1

In this table the size of the standard deviation is somewhat unexpected.

From the questionnaire data it appears that with a 10% increase

there are some organizations which would budget the entire increase

• for maintenance and enhancement. At the 25% level this group would

allocate more to new development.

One major management issue involving maintenance centers on methods

for charging back costs to the user. Of the sample almost 60%

• (59.4%) do not charge back the use for operations or for main-

tenance and enhancement work. Of the respondents using a charge—

back method 90% chargeback both computer and personnel expenses. 

d._.~ ~~~ .-~—- - - —~~.— .- .—~_- — .~~~ • - . ~~~~~~-- - -~~~—~~~~~~ • •
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Questions of budgeting levels lead to the issue of adequacy of

• staffing levels. Most felt that they were somewhat understaffed.

The reponses were :

S~~stan tia l1y understa _ff ed 8.7%

• Somewhat understaffed 60.9

• Properly staffed 26.1

Somewhat overstaffed 4.3

Several observations can be made on the organization of the respondents.

• When asked for a breakdown between analysts and programmers , most

respondents have staff menters assigned to both maintenance and enhance-

ment as well as new development work. Prograzmning is treated as a

separate activity by only 40.6% of respondents.

Of the respondents 68.1% treated maintenance and enhancement as a separate

activity from development . In terms of annual personnel hours allocated

to maintenance and enhancement, and new development , the results were :

Maintenance and enhancement 48.0%

I 
- 

New development 46.1

Other activities 5.9

This is among the lower estimates for maintenance effort cited in the

literat ure . However , there were a significant nuu ’ber of cases (over 20% )

.1 tht allocated 85% of their effort to maintenance.

— ______.__ —• a— —.
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8
Within the maintenance effort the breakdown given was :

Categor y Activities • Relative Frequency

• Corrective Emergency fixes, routine debugging 17.4%

Adaptive Accommodation of changes to data inputs 18.2%
and files, and to hardware and system
software

Perfective User enhancement , improved documentation , 60.3%
recording for computational efficiency

Other 4.1%

In this setting perfe ctive maintenance is by far the biggest area of effort.

This will be further supported later in Table V which indicates that user

demands for enhancements and extensions are perceived by management to

k be the biggest problem .

Several questions were asked on accounting for user requests and system

problems as well as auditing. It was found that 68. 3 % logged and docu-

mented maintenance and enhancement requests. A lower percentage (55.1%)

logged and docuthented operational problems with the application system.

• When asked whether a fc.rmal audit of the application system is made

periodically, only 37.8% responded yes. 
-

Tools and Techniques Employed

Respondents were asked to distribute the percentages of source code lines

by language. As expected , the preponderance was in COBOL and Assembler.

j The distribution was:

COBOL 58.1%

• Assembler 18.5%

RPG 10.2 %

PL/I 3.1%

FORTRAN 2.6%

-
~~~~~~ ALGOL • 1.5%

Other 6%

— 
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• A somewhat frequently made assertion in the literature is that pro-

ductivity tools in design and programming are not yet ~~deJ.y employed
• • in practice. This is substantially borne out in the percentages

given in Table III. In Table III the most frequently used tool, is

decision tables (46.4%). Other tools in use by at least 30% of respon-

dents included test data generators, on-line programming and chief

• programmer teams. It is interesting to note that approximately one

quarter of the sample indicated that they use structured programming.

- • Responses other than those in Table III include modular programming, f
top—down testing, on-line simulator , copy library, and technical design

review. It should be noted that the percentages from Table III reflect

operational application systems ; for systems currently being developed

the figure might be somewhat higher.

P In several reLated questions few of the respondents indicated use either

date base management systems (21. 7%) or distributed processing (4.3% ) .

Interestingly, maintenance programmer productivity is not regarded by

• 
• management as a significant problem, as will be shown later. This would

seem to indicate that movement toward a widespread use of productivity

• aids will continue to be slow.

• Evaluation of Maintenance

The respondents were asked to contrast the relative importance of main-

tenance with new system development within their organizations. The

relative frequency appears in Table IV. It indicates most view main-

tenance as more important than new development. More strikingly, few

• view new system development as more important. 
-

— —— — —~~ 
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~~~~RtP III. USE OF DESIGN AND P1~~GRAMMIN G AIDS

Ibol Relative Frequency

• 
• Yes No

Decision Tables 46.4 53.6

~~st data generators 36.2 63.8

~~ief prog ra ~~~~r team 30.4 69.6

On—line progr anin ing 30.4 69.6

Data base dict ionary 26.1 73.9

Structured progri~Ivning 24.6 75.4

Structured walk-th ru 17.4 82.6

• Automatic flowcharting 10.1 89.9

HIPO 7.2 92.8

ISDOS (Automated design aid) 
• 

4.3 95.7

1

1 

-- -- -
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~~ R1E IV. IMPORTANCE OF MAINTENANCE COMPARED
- 

~V NEW SYSTEM DEVELOPMENT

Maintenance and Enhancement Percentage

• ~By iar more important 33.3%

Somewhat more important - 21 • 7

Equal importance 34.8

Somewhat less important 5.8

By far less important 4.3

-
• R~~ondents were further asked to r ank possible problem areas in maintenance.

- . This is siai’wn~rized in Table V. The table columns are arranged by problem area ,

statistics , and relative freçuency . The statistics are based on the coding :
S

1—not a problem, 2-somewhat minor problem, 3—minor problem, 4-somewhat major

problem, 5—major problem. Items marked with an asterisk indicate technical

I problem areas. • -

~~ 
I

* - - - - —• - --. . . • - -  - -

~~ ii1i~~i~ ~_~__ ~~~~~~ ~___~___ —— ,-_~~~~~ _ — -——_ — -— ~ ______ ~_____ ~~~~~~~~~~~~~~ —__——- • •
~ •

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ 
-. — - 

~~~~~- —~~~~~~~~ -~~
‘

~~~~ 
~~~~~ —_ A



!.~ ~~~~~~~ — - — - •

• 12
••a~~~tz v. ~~~~rzi. A~~AS

Problem Area Statistics Relative Frequency
Some- Some-

• ltd. Not what what ISo
• • ilean Median Dev. Prob. Minor Minor Major Major Re~p.

1. User demands for en-
• bancements, extens. 3.42 3.72 1.25 7.2 20.3 11.6 36.2 18.8 5.8

• .2. Quality of cyst.
• docum.* 2.99 3.03 1.33 17.4 15.9 26.1 20.3 14.5 5.8
3. Competing demands on

• aint. personnel
• time 2.95 3.00 1.39 17.4 24.6 8.7 29.0 13.0 7.2

• 4. Quality of original
programs* 2.94 2.92 1.42 20.3 3.8.8 18.8 18.8 17.4 5.8

5. Meeting scheduled
comeitments 2.79 2.73 1.21 14.5 26.1 21.7 21.7 7.2 8.7

.6. Lack of user under—
stand.~ of syst. 2.66 2.53 1.19 17.4 29.0 21.7 20.3 5.8 5.8

• 7. Availability of main.
-
• program. personnel 2.66 2.53 1.27 20.3 26.1 21.7 17.4 8.7 5.8

8. Adequacy of syst.
design spec.* 2.52 2.3 1.37 29.0 21.7 17.4 14.5 10.1 7.2

• 9. Turnover of mainten.
personnel 2.46 2.13 1.46 36.2 17.4 13.0 15.9 11.6 5.8

10. Unrealistic user
expectations 2.45 2.50 1.18 26.1 20.3 29.0 13.0 4.3 7.2

11. PrOcessing time of
systemk 2.31 2.00 1.33 36.2 20.3 13.0 • 17.4 5.8 7.2

12. Forecast. personnel
• requirements 2.30 - 2.03 1.28 33.3 23.2 13.0 17.4 4.3 8.7
13. Skills of maint.

-; ~personnel* 2.20 1.94 1.24 34.8 26.1 15.9 10.1 5.8 7.2
14. Changes to hardware

and goftware* 2.14 1.97 1.10 34.8 26.1 20.3 11.6 1.4 5.8
15. Budgetary pressures 2.09 1.82 1.18 37.7 27.5 11.6 13.0 2.9 7.2
16. Adherence to program.

stds. in maint.* 2.08 1.94 1.04 34.8 26.1 23.2 7.2 1.4 7.2
17. Data integrity* 2.06 1.88 1.12 34.8 29.0 20.3 1.4 5.8 8.7

18. Motivation of maint.
personnel 2.03 1.82 1.10 37.7 27.5 17.4 7.2 2.9 

• 
7.2

19. Applic. run fail—
ures* 2.00 1.90 .92 29.0 44.9 13.0 5.8 1.4 5.8

20. Maint . programming
productivitY 2.00 1.87 .97 33.3 33.3 15.9 8.7 0 

• 
8.7

-
• 21. Hardware and soft-

ware reliability* 1.91 1.76 .94 37.7 33. 3 14.5 7.2 0 7.2

22. Storage requirelntS.* 1.88 1.34 1.24 55.1 11.6 13.0 8.7 4.3 7.2

• 23. Ngmt. Support of
system • 1.87 1.41 1.17 49.3 17.4 11.6 8.7 2.9 10.1

24. Lack of user interest
in system 1.86 1.58 1.06 44.9 29.0 11.6 5.8 2.9 5.8

— - -~ -- -~~ -~~~~—- -. s.. ~~~~~ .~
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~~~ predominant problem cited as more than minor is that of user demands

for enhancements and extens ions . Following this are two technical

*aaues (quality of original system and it. documentation) and one

~~n~ge nt issue (competing demands for personnel time) . Frequently

-mentioned problems such as hardware change, turnover of maintenance personnel,

and motivation of maintance personnel showed up surprisingly low (means

of 2.14, 2.46, and 2.03, respectively).

In addition to the twenty—four areas that are mentioned in the question-

naire , respondents were encouraged to list other problem areas . Areas

mentioned included quality of operations ~ersonne1, turnover in user

organization , high learning curve due to large system, and retaining

personnel at implementation time.

It is of interest to determine if management issues are more important

than technical issues. This would serve as a guide in efforts to

Improve the maintenance procedures and tools. Statistical tests indicate

that management problems are more significant. To carry out the tests

for each respondent, the average rating was computed for technical and

management areas for each respondent . The Mann Whitney-Wilcoxan and

• sign tests were selected to test the hypothesis that the distribution of

the average response of each category was the same. These tests do not

- depend on actual scores but relative ratings. For the Mann Whitney- .

Wilcoxan test the hypothesis was rejected at the a — .10 level. For

the sign test it was rejected at the a — .01 level. Both results indicated

higher values for the management areas .

~~~~~~~~~~~~~ ~~~~-—~~~~~~~~~~~~~~~~~~~~~~ - -- —— - -——-
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A eoond hypothesis is that the r4onse to the problem of user demands

for e,~h~~cement and extension is significantly larger than average

-for all problem areas. The same nonparaaetric tests were applied and

the hypothesis of the s~~~ distribution was rejected at the ~ — .10 level.

This indicates user demands are more of a problem than other areas.

Is was mentioned in Section 2, some of the questions were followed by

questions on the quality of data on which the answer was based . The

results are s”n~’~~ized by average and relative frequency in Table VI.

An asterisk indicates technical subjects. A question here is whether

there is less data available for management type questions than for

technical type questions. The results indicates respondents had firmer

data for technical management types of questions. The statistical test

was to test that the average responses to the management question are

based on data of a quality average equal to that of responses for tech-

nical questions. The nonparametric tests applied were the sign test

and the Mann—Whitney Wilcoxan test. Both tests rejected the hypothesis

at the a — .10 level.

Similar tests (at a — .10 level) indicated that respondents knew more

about effort in maintenance and enhancement in general than specific

tasks within maintenance and enhancement.

~~

1 
- 

- 
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Answer Based on
• aPSasonably

• • Accurate Minimal No
• ~~~ stion Topic - Data Data Data Other_

-~~ tal mach. lang. stat. .nts* 13.0 21.7 26.1 39.1

Oistrlb. of source code overtiae* 46.4 29.0 3.8.8 5.0

• 
• - o. of source lang. stat~~~J%ts* 46.4 - 246 18.8 10.].

• 
-

. 
S personnel in input/output . 49.3 26.1 14.5 10.].

% time period update data base* 14,5 11.6 2.9 71.0

Size of data base * 
• 

53.6 21.7 13.0 11.6

No. personnel in user organ.* 53.6 29.0 11.6 5.8

% hrs. by activity in maintenance 49.3 37.7 8.7 4.3

• • S bra. for user conimm. in ma.inten. 46.4 36.2 13.0 4.3

Brs. spent on maintenance 62.3 29.0 4.3 4.3

Form, freq. of user reports* 65. 2 18.8 7.2 8.7

Nt~~ er of user reports* 69.6 21.7 5.8 2.9

S of statements used in on—line
process. 81.2 7.2 10.1 1.4

— Lang. used* 81.2 10.1 5.8 2.9

No. programs* 85.5 13.0 0 1.4

S his. for maintenance of

- 
on-line programs • 82~.6 11.6 2.9 2.9

• *Indicates question of a technical nature.

I

;~~~~~~ 
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Interrelation of variables

The previous subsect ions of this section were concerned with resp onses to

individual questions . This subsect ion examines the resp onses for inter-

relat ionships between response items.

The analysis indicated that system characteristics , unit maintenance

time and other factors are not highly correlated . Weighted maintenance

• time is measured as personnel time in maintenance and enhancement divided -

by the total n~~~er of source statements maintained. The highest cor-

relat ions obtained were between the nuirb er of programs in the system

• • and the ni~~~er of predefined user rep orts on a daily basis (correlation

coefficient of .69) and between the number of predefined user rep orts

and unit maintenance time (correlation coefficient of .58) . The factors

included in the correlation included unit maintenance time , number of

personnel in user units , percent of primary users engaged in inpu t/output ,

size of data base , number of files , n~~~er of programs , n~~~er of predefined

user report s (total and daily) , date system became operational , and per-

centage of time spent in comeunication with user. Multiple regression

and princ ipal component analysis were atte mpted with the dependent unit

maintenance time. The variables were added stagewise in the following

order: rn~ber of predefined user reports, nuzrb er of personnel in primary

user units , number of programs, and date the system became operational .

It has been suggested that after a system become s operational , the percent

of effort in emergency fixes and routine debu gging declines with time . It

then increases as enhancement work chan ges the system and declines. Some

• support for this was found in the regression anal ysis.

- •_.___&__ ~ .—,- •-• -  — • —~ -—---- — - • -_________________________________________________________ — -• -— -~~~~•~~~~~ ---- -
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4. Conclusions

Pros the analysis of the survey data several tenta tive conclusions

are suggested . It should be emphasized that these are based on the

limited sample . The conclusions are:

• 0 Maintenance and enhancement consume much of the total resources

of systems and progr~~~hig groups ..

• o Maintenan ce and enhancement tend to be viewed by management as

at least somewhat more important than new application software

development,

a In maintenance and enhancement, problems of a management

orientation tend to be more significant than those of a

technical orientation .

o User demands for enhancements and extensions constitute the

most importan t management problem area.

• o The use of productivity aids in application software development

• 
• 

remains limited. However, maintenance progra mser productivity

is not considered by management to be a major problem.

Overall more attention should be given to management problems associated

with maintenance. In practice, maintenance work should be categorized

- 
to permit the gathering of more detailed management information. Project

- 

• reporting systems should be detailed with resp ect to the type and tasks
-

• • of maintenance and enhancement.

The handling of user request for enhancements should be examined to

-1 determine means of better evaluating and satisfying reque sts.
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